Experimental S1
General
The 1 H (300, 400 MHz) and 13 C NMR (75, 100 MHz) spectroscopic data were recorded in CDCl 3 using Me 4 Si (δ = 0 ppm) and the centerline of the triplet (δ = 77.1 ppm), respectively, as internal standards. Signal patterns are indicated as br s (broad singlet), s (singlet), d (doublet), t (triplet), q (quartet), and m (multiplet). Coupling constants (J) are given in Hertz (Hz). Chemical shifts of carbons are accompanied by minus (for C and CH 2 ) and plus (for CH and CH 3 ) signs of the attached proton test (APT) experiments. The solvents that were distilled prior to use are THF (from Na/benzophenone), Et 2 O (from Na/benzophenone), and CH 2 Cl 2 (from CaH 2 ). After the reactions were completed, the organic extracts were concentrated by using an evaporator, and then the residues were purified by chromatography on silica gel (Kanto, spherical silica gel 60N).
2-Bromocyclohex-2-enone
To an ice-cold mixture of 2-cyclohexen-1-one (2.00 mL, 20.8 mmol), HBr (8.6 M in H 2 O, 1.21 mL, 10.4 mmol), and 2,5-di-t-butylhydroquinone (ca. 10 mg, 0.045 mmol) in CH 2 Cl 2 (50 mL) was added a solution of Br 2 (1.17 mL, 22.8 mmol) in CH 2 Cl 2 (55 mL) over 10 min. After stirring at 0 ºC for 30 min, Et 3 N (8.70 mL, 62.4 mmol) was added to the mixture. The mixture was stirred at room temperature for 20 min and diluted with 1 N HCl. The resulting mixture was extracted with CH 2 Cl 2 three times. The combined organic layers were washed with 1 N NaOH and brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford 2-bromocyclohex-2-enone (3.40 g, 93%):
1 H NMR (400 MHz, CDCl 3 ) δ = 2.04−2.12 (m, 2 H), 2.44 (dt, J = 5, 6 Hz, 2 H), 2.61−2.67 (m, 2 H), 7.43 (t, J = 5 Hz, 1 H); 13 C-APT NMR (100 MHz, CDCl 3 ) δ = 22.7 (−), 28.4 (−), 38.4 (−), 124.0 (−), 151.2 (+), 191.3 (−). The 1 H and 13 C NMR spectra were identified with those reported.
S1 (R)-2-Bromocyclohex-2-enol (1)
To a solution of (S)-(-)-diphenylprolinol (146.5 mg, 0.578 mmol) in THF (12 mL) was added B(OMe) 3 (0.079 mL, 0.69 mmol). The mixture was stirred at room temperature for 1 h. Borane N,N-diethylaniline complex (1.13 mL, 6.35 mmol) was added to the mixture at -10 ºC. After stirring for 10 min, a solution of the above bromoenone (1.012 g, 5.78 mmol) in THF (58 mL) was added over 1 h between -7 to -2 ºC. The mixture was stirred for 3 h and diluted with MeOH (30 mL) and 1 N HCl (30 mL). The resulting mixture was stirred at room temperature for 1 h and extracted with EtOAc three times. The combined organic layers were washed with NaHCO 3 and brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford alcohol 1 (980.5 mg, 96%): 95% ee by HPLC (Chiralcel OD-H, hexane/i-PrOH = 99.9/0.1, 1.0 mL/min, t R /min = 29.8 (S-isomer, minor), 34.2 (R-isomer, major)); 1 H NMR (300 MHz, CDCl 3 ) δ = 1. 56-2.26 (m, 7 H), 4.18-4.26 (m, 1 H) 
S2
(75 MHz, CDCl 3 ) δ = 17.5 (+), 27.7 (+), 32.0 (+), 69.7 (−), 125.6 (+), 132.5 (−). The 1 H and 13 C NMR spectra were identified with those reported. S2 This reaction was repeated several times to obtain 94-98% ee of 1, which was used for the present investigation.
(R)-2-Bromocyclohex-2-en-1-yl Picolinate (2A)
To an ice-cold suspension of PyCO 2 H (255.4 mg, 2.07 mmol), DCC (353.4 mg, 1.71 mmol), and DMAP (251.1 mg, 2.06 mmol) in CH 2 Cl 2 (15 mL) was added the above alcohol 1 (303.3 mg, 1.71 mmol) in CH 2 Cl 2 (15 mL). The solution was stirred at 0 o C-rt for 5 h and the resulting solid was filtered through a pad of Celite. The filtrate was concentrated to afford an oil, which was purified by chromatography on silica gel with hexane/EtOAc to afford 2A (480 mg, 99%): 95% ee by HPLC (Chiralcel OD-H, hexane/i-PrOH = 97/3, 1.0 mL/min, t R /min = 19.5 (R-isomer, major), 24.4 (S-isomer, minor)); 
(R)-2-Bromocyclohex-2-en-1-yl Diethyl Phosphate (2E)
To an ice-cold solution of alcohol 1 (154.8 mg, 0.874 mmol) and 1-methylimidazole (0.175 mL, 2.22 mmol) in CH 2 Cl 2 (4.4 mL) was added diethyl chlorophosphate (0.25 mL, 1.74 mmol). The mixture was stirred at room temperature for 4 h and diluted with 1 N HCl. The resulting mixture was extracted with CH 2 Cl 2 three times. The combined organic layers were washed with NaHCO 3 and brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford phosphate 2E (273 mg, 100%) 
S3
To an ice-cold suspension of CuBr·Me 2 S (114 mg, 0.555 mmol) in THF (4 mL) was added PhMgBr (0.68 mL, 0.703 M in THF, 0.48 mmol) dropwise. The mixture was stirred at 0 ºC for 30 min and cooled to -40 ºC. A solution of phosphate 2E (95% ee, 49.7 mg, 0.159 mmol) in THF (4 mL) was added to the mixture dropwise. The mixture was allowed to warm to 0 ºC over 3 h and diluted with saturated NH 4 Cl. The resulting mixture was extracted with hexane three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford olefin 3a (34.9 mg, 93%): 89% ee by HPLC (Chiralcel OJ-H, hexane/i-PrOH = 99/1, 1.0 mL/min, t R /min = 6.6 (S-isomer, major), 7.6 (R-isomer, minor)); 1 H NMR (400 MHz, CDCl 3 ) δ = 1. According to the procedure for the synthesis of olefin 3a, a solution of phosphate 2E (95% ee, 21.0 mg, 0.0671 mmol) in THF (1 mL) was added slowly to a mixture of CuBr·Me 2 S (63.4 mg, 0.308 mmol), 4-MeC 6 H 4 MgBr (0.79 M in THF, 0.34 mL, 0.27 mmol), and THF (1 mL) at 0 °C. The mixture was stirred for 3 h to afford olefin 3b (13.8 mg, 82%): 85% ee by HPLC (Chiralcel OJ-H, hexane/i-PrOH = 99/1, 1.0 mL/min, t R /min = 6.6 (R-isomer, minor), 7.9 (S-isomer, major)); According to the procedure for the synthesis of olefin 3a, a solution of phosphate 2E (95% ee, 26.8 mg, 0.0856 mmol) in THF (1 mL) was added slowly to a suspension of CuBr·Me 2 S (81.1 mg, 0.395 mmol), 4-MeOC 6 H 4 MgBr (0.78 M in THF, 0.44 mL, 0.34 mmol), and THF (1 mL). The mixture was stirred for 3 h to afford olefin 3c (16.7 mg, 73%): 88% ee by HPLC (Chiralcel OJ-H, hexane/i-PrOH = 99.8/0.2, 0.8 mL/min, t R /min = 29.1 (R-isomer, minor), 34.4 (S-isomer, major)); According to the procedure for the synthesis of olefin 3a, a solution of phosphate 2E (95% ee, 24.7 mg, 0.0789 mmol) in THF (1 mL) was added slowly to a mixture of CuBr·Me 2 S (74.6 mg, 0.363 mmol), 2-MeOC 6 H 4 MgBr (0.82 M in THF, 0.38 mL, 0.31 mmol), and THF (1 mL) at 0 °C. The mixture was stirred for 5 h to afford olefin 3f (14.5 mg, 69%): 90% ee by HPLC (Chiralcel OJ-H, hexane/i-PrOH = 98/2, 1.0 mL/min, t R /min = 
(R)-2-Bromocyclohex-2-en-1-yl Diphenyl Phosphate (11)
According to the procedure for the synthesis of phosphate 2E, diphenyl phosphoryl chloride (0.57 mL, 2.76 mmol) was added to an ice-cold solution of alcohol 1 (244.5 mg, 1.38 mmol) and 1-methylimidazole (0.27 mL, 3.42 mmol) in CH 2 Cl 2 (7 mL), and the solution was stirred at room temperature for 24 h to afford phosphate 11 (550.1 mg, 97%) 
(S)-6-Bromo-4'-methoxy-2'-methyl-1,2,3,4-tetrahydro-1,1'-biphenyl (13)
To an ice-cold suspension of CuBr·Me 2 S (153 mg, 0.744 mmol) in THF (3 mL) was added 2-Me-4-MeOC 6 H 3 MgBr (0.533 M in THF, 1.20 mL, 0.640 mmol) dropwise. The mixture was stirred at 0 ºC for 30 min and cooled to -40 ºC. A solution of phosphate 11 (98% ee, 52.5 mg, 0.128 mmol) in THF (3.2 mL) was added dropwise to the mixture, which was allowed to warm to 0 ºC over 140 min before dilution with saturated NH 4 Cl. The resulting mixture was extracted with hexane three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford olefin 13 (28.9 mg, 80%): 95% ee by HPLC (Chiralcel OD-H, hexane/i-PrOH = 99.5/0.5, 0.8 mL/min, t R /min = 7.7 (R-isomer, minor), 8.4 (S-isomer, major)); 1 H NMR (400 MHz, CDCl 3 ) δ = 1. 
(S)-Methyl 6-Hydroxy-2-(4-methoxy-2-methylphenyl)hexanoate (14)
To a mixture of olefin 13 (216.0 mg, 0.768 mmol) and NaHCO 3 (193.5 mg, 2.30 mmol) in CH 2 Cl 2 (7.5 mL) and MeOH (7.5 mL) was gently bubbled O 3 /O 2 at -70 ºC until the color of the mixture changed to pale blue. Argon was bubbled into the mixture to purge excess O 3 , and then Me 2 S (0.17 mL, 2.33 mmol) was added. The mixture was stirred at room temperature for 30 min and diluted with NaHCO 3 . The resulting mixture was extracted with CH 2 Cl 2 three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to afford the corresponding aldehyde, which was used for the next reaction without further purification.
To an ice-cold solution of the above aldehyde in MeOH (15 mL) was added NaBH 4 (49.1 mg, 1.30 mmol). The mixture was stirred at 0 ºC for 10 min and diluted with H 2 O. The resulting mixture was extracted with CH 2 Cl 2 three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford the ester alcohol 14 
(S)-6-((tert-Butyldiphenylsilyl)oxy)-2-(4-methoxy-2-methylphenyl)hexan-1-ol (15)
To a solution of ester 14 (14.7 mg, 0.0552 mmol) in CH 2 Cl 2 (0.5 mL) were added imidazole (7.7 mg, 0.113 mmol), DMAP (0.3 mg, 0.0025 mmol), and TBDPSCl (0.023 mL, 0.090 mmol). The mixture was stirred at room temperature for 2 h and diluted with H 2 O. The resulting mixture was extracted with CH 2 Cl 2 three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated. The residue was purified by chromatography on silica gel (hexane/EtOAc) to afford the corresponding silyl ether, which was used for the next reaction without further purification.
To an ice-cold solution of the above silyl ether in THF (1 mL) was added DIBAL (1.0 M in hexane, 0.23 mL, 0.23 mmol). The solution was stirred at 0 ºC for 20 min, and MeOH (0.071 mL, 1.75 mmol), H 2 O (0.064 mL, 3.56 mmol), and NaF (74.0 mg, 1.762 mmol) were added. The resulting mixture was stirred at room temperature for 12 h and filtered through a pad of Celite. The filtrate was concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford alcohol 15 ( To a solution of alcohol 15 (21.3 mg, 0.0447 mmol) in CH 2 Cl 2 (1 mL) were added MsCl (0.006 mL, 0.078 mmol), DMAP (5.5 mg, 0.0045 mmol), and Et 3 N (0.019 mL, 0.14 mmol). The mixture was stirred at room temperature for 11 h and diluted with NaHCO 3 . The resulting mixture was extracted with CH 2 Cl 2 three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford mesylate ( was purified by chromatography on silica gel (hexane/ . To a solution of the above product in THF (3 mL) was added TBAF (1.0 M in THF, 0.049 mL, 0.0490 mmol). The mixture was stirred at room temperature for 5 h and diluted with H 2 O. The resulting mixture was extracted with hexane three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to afford alcohol 17 (7.1 mg, 98%): 89% ee by HPLC (Chiralcel OD-H, hexane/i-PrOH = 99/1, 0. To a solution of olefin 3a (138.6 mg, 0.584 mmol) in dioxane (4.5 mL) and H 2 O (1.5 mL) were added Pd(PPh 3 ) 4 (35.2 mg, 0.0305 mmol), piperidine (0.115 mL, 1.16 mmol), phenylacetylene (0.083 mL, 0.76 mmol), and CuI (11.1 mg, 0.0583 mmol). The mixture was refluxed for 24 h under dark and diluted with H 2 O. The resulting mixture was extracted with CH 2 Cl 2 three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to give a residue, which was purified by chromatography on silica gel (hexane) to afford enyne 19 (86. To a solution of olefin 3a (48.9 mg, 0.206 mmol) in NMP (2 mL) was added CuCN (22.2 mg, 0.248 mmol). The mixture was heated to 160-170 ºC for 10 h and diluted with saturated NH 4 Cl. The resulting mixture was extracted with hexane three times. The combined organic layers were washed with brine, dried over MgSO 4 , and concentrated to afford a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to furnish nitrile 22 (31.1 mg, 82%):
1 H NMR (400 MHz, CDCl 3 ) δ = 1.53−1.75 (m, 3 H), 1.97−2.08 (m, 1 H), 2.18−2.36 (m, 2 H), 3.52−3.60 (m, 1 H), 6.85 (dt, J = 2, 4 Hz, 1 H), 7.19 (dm, J = 7 Hz, 2 H), 7.25 (tm, J = 7.5 Hz, 1 H), 7.34 (tm, J = 7.5 Hz, 2 H); 13 C-APT NMR (100 MHz, CDCl 3 ) δ = 18.5 (−), 25.9 (−), 31.4 (−), 42.6 (+), 115.6 (−), 119.1 (−), 127.1 (+), 127.9 (+), 128.7 (+), 142.0 (−), 146.9 (+); IR (neat) 3027, 2216, 1493, 1452, 1245, 756 
